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A therapeutic role for BLyS antagonists
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B lymphocyte stimulator (BLyS) is a vital B cell survival factor. Overexpression ofBLySWcem^
fead tosystemic lupus erythematosus (SLE)-like disease, and treatment of bona

BLvS antagonists ameliorates disease progression and enhances survival. BLyS overexpression is

Smon^
taSowntheantagonisttobebiologicaUy active and safe.^^.f^^ 1^
as an attractive therapeutic target in human disease. Lupus (2004) 13, J 1/-M.
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Introduction

B lymphocyte stimulator (BLyS; also known as BAFF,

TALL-1, THANK, TNFSF13B, and zTNF4) is a 285

amino acid member of the tumor necrosis factor (TNF)

ligand superfamily.
1 " 6

It is expressed as a type II

transmembrane protein which is cleaved at the cell

surface by a furin protease, resulting in release of a

soluble, biologically active 17 kDa molecule. ' BLyS,

under physiologic conditions, circulates in trimenc

form.
3 '8 Some laboratories have, under appropriate

in vitro conditions, induced BLyS to assemble into

virus-like clusters of 60 monomers, but other

laboratories have not detected multimeric self-

assembly.
12,13 Indeed, whether virus-like clusters of

BLyS can actually form in vivo either in the circulation

or locally in tissues remains to be established.

Expression of BLyS is highly restricted to myeloid

lineage cells (e.g., monocytes, macrophages, dendritic

cells, neutrophils),
1 - 3 '

5
'
7 '

14 and BLyS mRNA and

protein levels are upregulated by interferon (WN)y, by

interleukin (IL)-10, by IFNa, and by CD40L.7'
'

Expression of the three known BLyS receptors

(BCMA, TACI, and BAFFR) is also highly restricted.

Receptor mRNA expression is largely limited to B

cells, although activated T cells may express some

TACI mRNA. 16" 19
In concordance with the mRNA

results, BLyS binds strongly to B cells, weakly (at

most) to T cells, and not at all to natural killer (NK)

cells or monocytes.
1 '
20 Most, ifnot all, ofthe BLyS that
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binds to human peripheral blood B cells does so via

surface BAFFR and/or TACI, with little, if any, BLyS

binding via BCMA.21 Nevertheless, in vitro generated

human plasmablasts do upregulate surface BCMA and

downregulate surface BAFFR and TACI, so it

remains probable that BLyS binds discrete B cell

subpopulations in vivo via BCMA as well as via

BAFFR and/or TACI.

BLyS triggered intracellular signaling is complex.

Several TNF receptor associated factors (TRAFs),

including TRAF1, TRAF2, TRAF3, TRAF5, and

TRAF6 interact with one or more of the three BLyS

receptors.
20-23 " 25 Engagement of BLyS with its

receptors activates phospholipase C-y2
26 and activates

both NF-kB1 and NF-kB2 via discrete pathway^^

This culminates in increased B cell survival

which may, at least in part, be secondary to BLyS

induced upregulation of BCL-2 and/or BCL-XL .

Indeed, B cells with enforced overexpression of BCL-

XL are protected from the premature death that ensues

in the absence of BLyS signaling
35

(see below).

Indispensable role for BLyS-BAFFR
interactions in normal B cell development

Mice genetically rendered deficient in BLyS display

profound global reductions in mature B cells and m
baseline serum Ig levels and Ig responses to T cell

dependent (TD) and T cell independent (TI) anti-

gens.
36,37 Remarkably, mice genetically rendered

deficient in individual BLyS receptors are highly

disparate. BCMA deficient mice exhibit no discernible

10.1191/0961203304lul019oa
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phenotypic or functional abnormalities.
37 '38

This
suggests that even if the in vitro upregulation ofBCMA surface expression on human plasmablasts

22
is

recapitulated in vivo in mice, the remaining surface
expression of the other BLyS receptors in BCMA
deficient mice is sufficient to transmit the requisite
BLyS triggered signals for survival and ultimate
function.

TACI is also not critical for the agonist effects of
BLyS on B cells. TACI deficient mice harbor increased,
rather than decreased, numbers of B cells (although
they do manifest impaired Ig responses to TI, but not
TD, antigens).

y '40 As they age, TACI deficient mice
develop elevated circulating titers of autoantibodies, Ig
deposits in their kidneys with concomitant glomer-
ulonephritis, and premature death.

41
In vitro treatment

ofB cells with anti-TACI monoclonal antibody (niAb)
blocks B cell responses to agonists,

41
strongly

suggesting that TACI actually transmits a negative
signal to B cells.

In contrast to the phenotypes of BCMA or TACI
deficient mice, A/WySnJ mice (which bear a mutated
baffr gene) display deficiencies in mature B cell
number and antibody responses reminiscent of (albeit
less severe than) BLyS deficient mice.

18 -19
[Recently

developed BAFFR deficient mice also manifest
deficiencies in mature B cells and circulating Ig levels
similar to those ofBLyS deficient mice (Susan Kalled,
Biogenldec; personal communication).] When
injected with exogenous BLyS, A/WySnJ mice do
not undergo splenic B lymphocytosis (whereas
similarly treated A/J control mice do), and BLyS
does not enhance survival of B cells from A/WySnJ
mice in vitro. Moreover, in bone marrow chimeric
mice harboring B cells that bear the mutated baffr gene
and B cells that bear the wild type baffr gene, the B
cells bearing the mutated baffr gene have decreased in
vivo survival.

33
Taken together, these observations

strongly point to BLyS/BAFFR interactions as the
essential ones for the agonist effects of BLyS on B
cells. It must be stressed, however, that the entire
experience to date with BLyS deficient and BAFFR
mutant (and BAFFR deficient) hosts has been in
nonautoimmune prone mice. Whether BLyS and/or
BAFFR play the same indispensable role in B cell
development in autoimmune prone hosts remains to be
determined.

Ig promoting effects of BLyS

In addition to the indispensable role for endogenous
BLyS in (normal) B cell development, administration
ofexogenous BLyS to mice at the time ofimmunization
with antigen results in enhanced in vivo antigen

specific antibody production.
31

This is due, at least in
part, to JLy^ mediated inhibition of B cell
apoptosis." ' Repeated administration of BLyS
to mice, even in the absence of intentional antigenic
immunization, results in B cell expansion and
polyclonal hypergammaglobulinemia. 1

BLyS pro-
motes T cell independent class switching of IgD+ B
cells in vitro which, when coupled with crosslinking of
B cell surface Ig, leads to secretion of class switched
antibodies. Thus, at least some of the Ig promoting
properties that BLyS displays in vivo may also be T
cell independent. Although in vivo generation of
pathogenic autoantibodies (e.g., anti-dsDNA) in SLE

It
is felt to be a helper T cell dependent process, u
remains theoretically possible that production of such
autoantibodies could be driven by high levels of BLyS
even in the absence (marked reduction) of helper T cell
function. This issue warrants further investigation and
resolution.

BLyS and its antagonism in murine SLE

Three sets ofseminal observations (all in mice) strongly
point to a causal relationship between too much BLyS
and development of disease. First, constitutive over-
production of BLyS leads not just to polyclonal
hypergammaglobulinemia but to elevated titers of
multiple autoantibodies (including anti-dsDNA), cir-
culating immune complexes, and renal Ig deposits in
some (albeit not all) mice that bear a blys transgene
(BLyS-Tg mice). 6 '43 '44 Secondly, SLE prone (NZB x
NZW)F1 (BWF1) and MSLrlpr/lpr mice harbor
elevated^ circulating levels of BLyS at the onset of
disease. Thirdly (and most importantly from the
vantage point of a clinician), these SLE prone mice
respond clinically (decreased disease progression and
improved survival) to treatment with a soluble fusion
protein between one of the BLyS receptors (TACI or
BAFFR) and IgG Fc (TACI-Ig and BAFFR-Ig
respectively). t£6

Of note, although the salutary clinical response in
BWF1 mice to one BLyS antagonist (BAFFR-Ig) in one
study was associated with reduced circulating levels of
anti-dsDNA antibodies,

28
the dramatic in vivo clinical

response in BWF1 mice to a different BLyS antagonist
(TACI-Ig) in another study was not associated with
any reduction in circulating anti-dsDNA titers.

6
It is

not known whether these disparate results are due to

inherent differences in the nature of the BLyS anta-
gonists used, but, regardless, they do strongly suggest
that effective blockade of clinical autoimmunity by
BLyS antagonists may ensue via an autoantibody
independent pathway. This intriguing possibility
requires additional investigation.
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Overexpression of BLyS in human SLE

Cross-sectional studies have demonstrated elevated

circulating levels ofBLyS in approximately 20-30% of

human SLE patients tested at a single point m time.

Weak correlation was observed between circulatmg

BLyS and total IgG levels, and stronger correlation was

observed between circulatmg BLyS levels and anti-

dsDNA titers. This parallels the observations m BLyS-

Tg mice that elevations in autoantibody titers are outtf

i

proportion to elevations in total serum Ig levels.
*

Since cross-sectional studies are silent with regard to

duration of an abnormality, we performed a 12 month

longitudinal study of 68 SLE patients (and 20 healthy

control subjects) in whom we serially measured several

parameters, including serum BLyS levels and clinical

disease activity
47 Whereas the control subjects

uniformly maintained stable 'normal' serum BLyS

levels over time, elevated serum levels of BLyS were

persistently observed in approximately 25% ofthe SLE

patients, with intermittent elevations in serum BLyS

levels being observed in approximately an additional

25% of patients. Given the inhibitory effects of high

dose corticosteroid treatment on circulating BLyS

i levels
47

these percentages likely are underestimates of

1 the tnie prevalence of BLyS dysregulation in SLE

j
patients. Although the mechanism underlying BLyS

j
overexpression remains to be determined, it is clear

!

that BLyS overexpression is common (but probably

not universal) among human SLE patients.

Of importance, although circulating BLyS levels

over time do not overtly correlate with disease activity

(measured by SLEDAI) for any individual SLE

patient*
7

they do correlate over time with disease

activity in a large SLE population (245 patients from

four different medical centers followed for anaverage

of 15 months) when analysed in aggregate. Thus,

although BLyS has no known direct proinflammatory

properties, its positive effects on B cell survival and/or

autoantibody production appear to increase the like-

lihood of aggravating and/or exacerbating disease.
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Table 1 BLyS antagonists under development

Antagonist Developing

company

Antagonist

type

Clinical status

LymphoStat-B
T

TACI-Ig

BAFFR-Ig

Human
Genome
Sciences

ZymoGenetics/

Serono

Biogen/

Genentech

mAb

Fusion

protein

Fusion

protein

Phase I in SLE
complete

Phase H in

SLE initiated

Phase I in normals

initiated

Preclinical

Therapeutic antagonism of BLyS in

human SLE

The associations between levels of circulating BLyS

and autoantibodies and clinical disease activity in

human SLE, coupled with the success of TACI-Ig and

BAFFR-Ig in treating murine SLE, have given rise

to the widely held belief that BLyS antagonism will

play a salutary therapeutic role in human SLE (Table 1).

This notion has already prompted the initiation and

completion of a phase I clinical trial in SLE patients

with a human anti-BLyS mAb
49 '

50 A total of70 patients

were enrolled in this multicenter double-blind trial,

and each patient received either a single infusion ot

drug at one of four doses (or placebo) or received two

infusions of drug at one of the same four doses (or

placebo) separated by three weeks. Biologic activity ot

the anti-BLyS mAb was documented by a reduction m
circulating B cells among drug treated (but not placebo

treated) patients, and safety of the anti-BLyS mAb was

documented by there being no difference m frequency

of adverse events between drug treated and placebo

treated patients. In light of the short treatment course

(one or two infusions), clinical efficacy, not surpris-

ingly, was not apparent. A phase II clinical trial with

this anti-BLyS mAb, powered to detect clinical efficacy,

is currently under way

In addition to anti-BLyS mAb, other BLyb

antagonists are being developed and evaluated for use

in humans. These include TACI-Ig, which is currently

undergoing phase I evaluation in healthy normal

volunteers in the UK, and BAFFR-Ig, which is

undergoing preclinical trials in primates. Clinical

efficacy of these antagonists is, obviously, also not yet

known. . G
In truth, biologic antagonists directed against BLyb

and/or its receptors need not be limited to mAb or

receptor fusion proteins. Other attractive candidate

biologic antagonists include BLyS analogues that

competitively bind to BAFFR but do not tagger

signaling as well as BAFFR blocking agents that render

the receptor inaccessible to BLyS. Indeed, there is no a

priori reason that BLyS antagonists must necessarily be

biologic. They could be small molecular weight

synthetic compounds as well. In any case, development

of appropriate BLyS analogues and/or BAFtR

blockers will require more detailed studies of BLyb/

BAFFR interactions and how (whether) other cell

surface structures affect such interactions.

An intriguing possible means ofBLyS antagonism is

to let BLyS do the job itself. In addition to its full length

isoform, a naturally produced shorter isoform of BLyS

(called ABAFF) has also been identified. ABAW is

biologically inactive, and since it has the capacity to

form heterotiimers with fall length BLyS, ABAFF can
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actually block BLyS activity. Whether ABAFF
production (relative to that of full length BLyS) is

altered in SLE, how ABAFF production and degra-
dation are regulated, and what determines production of
one isoform rather than the other are questions that
remain to be addressed. Nevertheless, it remains
plausible that very efficient antagonism of the
autoimmunogenic effects of BLyS could arise by
enhancing production of the ABAFF isoform at the
expense of the full-length isoform.

APRIL: the 'cousin' of BLyS

As indicated above, treatment of BWF1 or MRL-
Ipr/lpr mice with TACI-Ig resulted in clinical
improvement.6

However, TACI-Ig binds and neutral-
izes not just BLyS but APRIL as well, a 250 amino
acid member of the TNF ligand superfamily that shares
substantial homology with BLyS and binds to two of
the three BLyS receptors (BCMA and TACI)52

"56
but

not to BAFFR. 18 APRIL costimulates B cells in vitro
and in vzw, 15 '53 '54

albeit with considerably less
potency than that of BLyS.57

Although TACI-Ig can bind and neutralize both
BLyS and APRIL, it is, nevertheless, almost certain that
neutralization of BLyS lies at the core of the salutary
clinical response. First, administration of BAFFR-Ig,
which binds and neutralizes only BLyS but neither
binds nor neutralizes APRIL, effectively ameliorates
disease progression in BWF1 mice.

28
Secondly, APRIL

itself, even when overexpressed, has no perceptible
autoimmunogenic potential. Although constitutive
overexpression of APRIL in APRIL-Tg mice leads to
enhanced T cell survival and antigen-specific antibody
responses, such mice do not develop overt B cell
abnormalities or serologic or clinical autoimmunity.58

This last point is especially important, since APRIL
and BLyS can form heterotrimers which circulate
in vivo.59 Although APRIL homotrimers do not bind
BAFFR, BAFF/APRIL heterotrimers (BAHT) do
bind BAFFR and display BLyS-like biologic activity
in vitro. How BAHT are formed, what determines
BAHT formation versus BLyS (and APRIL) homo-
trimer formation, and what differential biologic
potencies and effects (if any) BAHT and BLyS
homotrimers have in vivo remain to be established.
Although it may be that APRIL overexpression can
enhance the autoimmunogenic effects of BLyS over-
expression under unique in vivo conditions via the
formation of BAHT, we believe this to be highly
unlikely. First, as indicated above, APRIL-Tg mice
have demonstrated that APRIL has little, if any,
capacity to promote serologic autoimmunity and/or
SLE-like disease

58
Secondly, in our cohort of 68 SLE

patients longitudinally studied over a 12 month period,
serum APRIL levels inversely correlated with serum
anti-dsDNA titers (in anti-dsDNA positive patients)
and inversely correlated with clinical disease activity
(as measured by SLEDAI).60

These observations are
inconsistent with an autoimmunogenic role for APRIL.
Indeed, given the ability of APRIL to bind to TACI
and potentially deliver a negative signal to B cells, it

may be therapeutically judicious to choose a BLyS
antagonist that does not also antagonize APRIL.

Are all SLE patients candidates for BLyS
antagonist therapy?

Regardless ofthe specific agent or the specific modality
one wishes to use, the answer to the question above
depends upon how one views the role ofBLyS in SLE.
In principle, BLyS may assume at least two distinct
functions as it pertains to SLE. On the one hand, BLyS
may serve as a contributor to development of SLE.
BLyS per se may not cause loss of tolerance to self-

antigens, but once such tolerance is broken, the ever
present nature of the autoantigen permits it to repeti-
tively stimulate the host immune system and elicit

a detectable autoimmune response. In the presence
of increasing amounts of BLyS, the autoimmune
response is exaggerated. In the presence of additional
permissive genetic and/or environmental factors, this

exaggerated autoimmune response can lead to frank
clinical disease.

Accordingly, a reduction in SLE contributory BLyS
levels to 'normal' should ameliorate disease by
suppressing the BLyS driven acceleration or exagger-
ation of the autoimmune response. Self-tolerance
would remain 'lost', and the autoimmune response
would persist. Of critical therapeutic importance,
however, the magnitude of the autoimmune response
would be now insufficient to drive clinical disease.
Thus, SLE patients with the most elevated circulating
BLyS levels should be the ones most responsive to

BLyS antagonist therapy. Those patients with normal
circulating BLyS levels might be relatively resistant to

BLyS antagonist therapy, since 'excess' BLyS in these
patients would not be driving the clinical
autoimmunity.

On the other hand, BLyS may serve as a passive
facilitator in development of SLE. In this model,
development of the pathologic anti-self response is

inherently BLyS independent. Regardless of whether
BLyS levels are normal or elevated, the magnitude of
the autoimmune response is similar. That is, the trigger
of autoimmunity elicits a response so robust that it is

not further amplified by elevated levels of BLyS.
Indeed, the fact that a substantial number of SLE

Lupus
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patients do not manifest signs of BLyS overexpression

(i.e., they harbor normal serum BLyS and blood BLyS
mRNA levels and surface express normal levels of

BLyS on their peripheral blood mononuclear cells)

strongly suggests that BLyS overexpression is not

absolutely essential to development of SLE. Never-

theless, given the indispensable role for BLyS in B cell

development,
3637

a certain threshold level of BLyS is

required to permit any antibody responses (including

autoantibody responses). When BLyS levels are

reduced below this critical threshold level, the ability

to fully mount an autoimmune response (along with

other B cell and humoral responses) is impaired.

Accordingly, the SLE patients that should be most

responsive to BLyS antagonist therapy should be those

with normal, rather than elevated, circulating BLyS

levels, since in such patients, less neutralization of

BLyS would be required to reach the critical threshold

level.

These two models are not necessarily mutually

exclusive. Within the human SLE population, there

may be individuals in whom BLyS plays more of a

contributor role, and there may be others in whom
BLyS plays more of a facilitator role. Indeed, from a

therapeutic perspective, the models may operationally

be viewed as a continuum, with some patients

requiring more neutralization of BLyS than that

required by others before salutary clinical effects can

be appreciated.

Closing remarks

Based on very compelling in vivo studies in mice and

ex vivo studies in humans, BLyS likely contributes to

and/or facilitates SLE pathogenesis. Due to the highly

restricted nature of its cellular targets (i.e., B cells),

specific BLyS antagonists have an excellent chance of

not promoting multiple global toxicities. Clinical

efficacy of BLyS antagonists has been unequivocally

shown in mice but still remains to be formally proven

in humans. Although much additional investigation is

necessary, one can be cautiously optimistic that

specific BLyS antagonists will become important and

valuable therapeutic tools in the management of

patients with SLE.
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